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Pharmaceutical Compositions 

The present invention relates to pharmaceutical compositions containing TGF-p. 

Transforming growth factor type p (TGF-P) is a homodimeric protein with a molecular mass 
of about 25,000 D. It denotes a family of multifunctional cytokines which regulate cell 
proliferation and differentiation processes, activity in bone and connective tissue. Highest 
levels of TGF-p are found in blood platelets and bone. The pharmacological effects of TGF- 
P are acknowledged in the art which may be promotion and acceleration of wound healing, 
bone, cartilage, and tissue repair, the treatment of cancer, bone marrow protective agent, 
mediator of cardioprotectin, anti inflammatory or immunosuppressive agent, mediator of 
inductive tissue interactions, induction of angiogenesis, oral mucositis, or growth regulator 
in mammalian cell cultures. 

TGF-p" as used therein are members of the TGF-p family. Any of the TGF-p isoforms and 
related molecules may be used in the pharmaceutical compositions of this invention. 
Preferred TGF-p of the present invention are TGF-p1, TGF-p2 and BMPs such as BMP 2 
and BMP 7, especially TGF-P3. TGF-p3 is a 25 kD homodimeric, disulfide-Iinked protein 
composed of two 112 amino acid polypeptides containing 9 cysteines each. The cysteines 
of the homodimeric protein form 4 intrachain disulfide bonds and one interchain disulfide 
bond. 

"TGF-p" embraces TGF-P mutants, e.g. TGF-p proteins exhibiting similar biological activities 
and differing from the native TGF-p proteins by simple or multiple mutations, e.g. 
replacement, addition or omission of amino-acids. 

We have found one problem in developing a dosage form containing TGF-p because of its 
poor physical and chemical stability in aqueous solution and in powder form. The poor 
stability may be observed when TGF-p is analyzed by chromatographic methods, such as 
gel electrophoresis and HPLC. 

We have further found that in solution TGF-p binds to the walls of the container which 
constitutes a further problem. Such adsorption phenomena are major obstacles in the 
development of stabile aqueous formulations such as prefiiled gel bottles which are used 
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more friendly for the patient and have reduced production costs. We have found for low 
therapeutical doses for TGF-p (e.g. below 10 pg/ml, e.g. between 0.001 and 10 pg/ml, e.g. 
between 1 and 10pg/ml) the adsorption to surfaces has to be inhibited during the 
production of the dosage forms, during the storage and also before the use of the TGF-P 
formulation by the patient. The low concentrations used in formulations and the adsorption 
of TGF-p to surfaces impose also the development of highly sensitive analytical methods. 

We have now found surprisingly that certain agents totally stop the adsorption of TGF-p to 
walls. Such agents may be used in different TGF-p dosage forms which have improved 
physical and chemical stability. 

The present invention provides in one aspect a pharmaceutical composition comprising 
TGF-p and a water soluble salt chosen from calcium chloride, calcium phosphate, sodium 
acetate, potassium acetate, lithium acetate, ammonium acetate and ammonium bicarbo- 
nate, preferably calcium chloride and calcium phosphate. 

The TGF-ps used in the water soluble salt pharmaceutical composition of the invention may 
be in the free form or in the form of their salts. 

We have also developed an analytical method suitable for determining suitable concen- 
trations of TGF-p, especially TGF-P3. When adsorption of a fluorescent molecule (protein) 
occurs to the cuvette walls the concentration of the molecule in the solution decreases. This 
change in concentration is monitored by changes (reduction) in the fluorescence intensity. 
With optimized slits in the excitation and emission monochromators the excitation beam is 
focused in a small region in the middle of the cuvette and the emission is collected also 
preferentially from the same region. This localized excitation and emission indicates that the 
contribution to the total emission intensity of chromophores which are bound to the cuvette 
walls to be minimal. In these conditions the fluorescence intensity is proportional to the 
concentration of the molecules in the aqueous solution (monitored in the middle of the 
cuvette). If binding occurs a decrease in the fluorescence intensity is observed. For TGF-p 
the intrinsic tryptophan fluorescence is used in the adsorption studies. To characterize an 
adsorption process the percentage from the total TGF-p in the cuvette which bound to the 
walls in a given time interval, e.g. 25 minutes, is measured. Fluorescence measurements 
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are performed with a Spex Fluorolog® or a Spex Fluoromax® spectrophotometers with a 
stirred attachment in the cell holder at 25°C. Tryptophan fluorescence is excited at 280 nm 
and emission monitored at 340 nm. TGF-P is found to bind strongly to plastic, quartz and 
siliconised quartz cuvettes for a solution of TGF-p (1 pg/ml) in water. We have found a 
particularly good system for reproducibility of the majority of fluorescence adsorption studies 
if studies are performed in disposable plastic cuvettes (PMMA) supplied by Dispolob®, 
Kartell® P.N.1961. 

A method to study protein adsorption to surfaces of different materials (other than the 
material from which the cuvettes are made) has also been developed. In these experiments 
TGF-p from a stock solution is added in a cuvette containing an aqueous solution (i.e. 
water, final TGF-P concentration 2 pg/ml) and the binding of TGF-p to the walls is monitored 
in time until the equilibrium state for the binding is reached (constant fluorescence intensity). 
Two sheets of the material needed to be studied are introduced in the cuvette and the 
changes in TGF-p3 fluorescence are monitored. If TGF-p is not binding to this material no 
change in time of the fluorescence intensity, i.e. no binding to the surface, is observed. If 
TGF-P3 binds to the new material a decrease in fluorescence intensity is measured. 

In a preferred composition of the invention, the molar ratio of the water soluble salts ions to 
TGF-p, e.g. TGF-P3, is from 1:1 to 200:1, e.g. 10:1 to 100:1. 

A man skilled in the art will appreciate that a wide variety of excipients may be used. For the 
water-soluble composition preferred components are e.g.: 

a) a liquid solvent, e.g. an alcohol, e.g. ethanol or isopropanol, 

b) a sugar or a sugar alcohol, e.g. mannitol, trehalose, sucrose, sorbitol, fructose, maltose, 
lactose ordextrans, preferably mannitol, 

c) other excipients, e.g. polygeline, polysorbate 20, PVC Palinode® C, and/or methyl- 
cellulose 4000cP 

d) isotoning agents, e.g. sodium chloride. 

e) an acid, e.g. citric acid monohydrate, acetic acid, 

The amount of additives used can vary dependent on the intended use. 

The water soluble pharmaceutical composition may comprise, e.g. 
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0.05 ng/ml to 100 mg/ml of TGF-P3, e.g. 0.1 jig/ml to 40 mg/m! 
0.1 to 200 mg/ml of the salt. e.g. calcium chloride, 
1 to 90 mg/ml of a liquid solvent, e.g. an alcohol 
1 to 50 mg/ml of sugar or sugar alcohol, 

0.5 to 20 mg/ml of an acidic compound, e.g. citric acid monohydrate or acetic acid. 

Such solutions may be used for standard ampoules, vials, pre-filled syringes or multiple 
administration systems. 

If desired, a freeze dried formulation which may be stable for long periods of time, e.g. 
6 months at 40°C, without the need for refrigerated storage, may be obtained from a TGF-p 
solution. 

The freeze dried product may be obtained in conventional manner from a suitable solution, 
e.g. the above-disclosed solution, e.g. having a pH of from 1 to 4.5, e.g. from 2.5 to 4. 
Preferably, the concentration of TGF-p in this solution before freeze drying is from 0.1 ^ig/ml 
to 40 mg/ml, e.g. 10 ng to 2 mg/ml. 

The freeze dried product may be re-dissolved into a solution which may be stable for long 
periods, e.g. up to 1 week, e.g. at pH below pH 5, e.g. between pH 2.5 and pH 4. In such a 
solution TGF-p is in the range of from 0.1 \ig/m\ to 40 mg /ml, e.g. 10 |ig to 2 mg/ml. 

The pH of the solutions may be from 2 to 10, e.g. from 2.5 to 4 and from 6.8 to 10. 

The dried powder compositions, e.g. freeze dried products of the invention may be used for 
manufacturing of solutions of the ingredients, gels, creams, sprays. 

A gel formulation according to the invention may comprise, e.g. 
10 to 50 ^g/ml of TGF-p3 

0.1 to 10 mg/ml of the salt, e.g. calcium chloride, e.g. in a hydrated form 
1 to 20 mg/ml of sugar or sugar alcohol, 

5 to 30 mg/ml of a viscosity-increasing agent, e.g. methylcellulose 4000cP. 

0.5 to 10 mg/ml of an acidic compound, e.g. citric acid monohydrate or acetic acid. 
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The final pH of the gel may be between pH 3 and pH 4, e.g. pH 3.4 and pH 3.6. 

A spray formulation according to the invention may comprise, e.g. 
50 to 500 ng/ml of TGF-|53 

1 to 20 mg/ml of salt, e.g. calcium chloride e.g. in a hydrated form 
10 to 50 mg/ml of sugar or sugar alcohol, 

1 to 20 mg/ml of an acid, e.g. citric acid monohydrate or acetic acid. 

The final pH of the reconstituted spray solution may be between pH 3 and pH 4, e.g. 

between pH 3.2 and pH 3.6. 

Despite the need to develop stable TGF-p dosage forms there still exists a need for 
effective delivery systems. One particular concern is that immediately after application TGF- 
P diffuses from the site of application. This effect is clearly not desired since TGF-p is a 
highly potent compound. 

It was now surprisingly found that a composition comprising TGF-p and a biodegradable 
carrier, wherein the biodegradable carrier is a fibrillated calcitonin, e.g. a fibrillated calcitonin 
derivative, overcomes the above-mentioned concerns. 

Therefore, in another aspect the present invention provides a pharmaceutical composition 
comprising TGF-p and a biodegradable carrier wherein the biodegradable carrier is 
fibrillated calcitonin. 

Calcitonins are 32 amino acid polypeptide hormones with molecular weights around 3,500. 
They are secreted by the parafollicular cells of the thyroid gland in mammals and by the 
ultimobrachial gland of birds and fish. 

In physiological saline solutions or buffers, particularly human calcitonin is not stable, it 
precipitates and forms gels which consist of calcitonin fibrils. Fibrillated calcitonin may be 
obtained by a process disclosed in EP 0 510 913, which is incorporated herein by 
reference. The concentration of calcitonin may be from 1 to 200 mg/ml, preferably from 5 to 
100 mg/ml. Human calcitonin (hCT) fibrils have been characterized by electron microscopy 
[Bauer, H.H., Aebi. U., Haner, M., Hermann, R., Muller, M., Arvinte, T., Merkle, H.P. (1995) 
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"Architecture and polymorphism of fibrillar supramolecular assemblies produced by in vitro 
aggregation of human calcitonin", Journal of Structural Biology 115, 1-15]. The time of 
fibrillation may be very well defined, e.g. from 5 minutes to 1 hour or 2 hours. Solutions of 
higher concentration fibrillate faster and fibrillation occurs faster at higher temperatures. 
Fibrillation may also depend on the ion content in the solution. It has been found that, for 
the fibrillation process to be completed, an incubation period of 1 hour is needed for a 200 
mg/ml hCT solution in water. A double nucleation mechanism was proposed to explain 
human calcitonin fibrillation [Arvinte, T., Cudd, A.. Drake, A.F.(1993) The structure and 
mechanism of formation of human calcitonin fibrils", The Journal of Biological Chemistry 
268, 6415-6422]. In the pharmaceutical compositions of this invention the fibrillated 
calcitonin may be used in the gel form. If desired, the calcitonin fibrils may be fragmented 
and then used as a dispersion of fragmented fibrils. A dispersion of fragmented fibrils may 
be obtained by a process disclosed in EP 0 510 913, which is incorporated herein by 
reference. 

When used as a gel, the concentration of calcitonin may be from 1 to 200 mg/ml, preferably 
from 5 to 100 mg/ml. When used as a dispersion of fragmented fibrils the concentration of 
calcitonin may be up to 50 mg/ml. 

In another aspect this invention provides a pharmaceutical composition comprising TGF-p 
and a fibrillated calcitonin wherein the calcitonin fibrils are formed in vivo at the application 
site. 

The calcitonin is preferably human calcitonin (hCT) which may be synthetic or it may be 
produced by recombinant DNA technology. The term "human calcitonin" comprises not only 
natural human calcitonin, but also pharmaceutical^ acceptable derivatives and analogues 
thereof, e.g. those in which one or more of the amino acid groups occuring in the natural 
compounds are replaced or the N- or C-terminal group has been structurally modified. 
Salmon, eel or porcine calcitonin or derivatives thereof may also be used. 

In a special aspect, this invention provides a pharmaceutical composition comprising TGF- 
p3 and a biodegradable carrier wherein the biodegradable carrier is fibrillated human 
calcitonin. 
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Human calcitonin may exist in the free form or in the form of a pharmaceutical^ acceptable 
acid addition salt. Such salts are known and their activity and compatibility are comparable 
to those of the free forms. Typical suitable acid addition salts are the hydrochlorides or 
acetates. 

According to the present invention it has surprisingly been found that fibrillated calcitonin 
may be used in pharmaceutical compositions as a carrier for any pharmaceutical^ active 
agent or cells, e.g for the transplantation of cells in matrices in tissue generation. 
Accordingly, in another aspect the present invention provides pharmaceutical compositions 
comprising fibrillated calcitonin as a carrier. 

In a further aspect the present invention provides the use of a fibrillated calcitonin as a 
carrier in pharmaceutical compositions. 

The pharmaceutical compositions containing calcitonin may be obtained by mixing TGF-p, 
e.g. TGF-P3, with a solvent, e.g. a monoalkanol, e.g. methanol or ethanol, e.g. in an acidic 
environment, e.g. below a pH value of about 4, which may be filtered though a 0.2 pm filter 
prior to use (Acrodisc®, Gelman Science). The solution of TGF-p, e.g. TGF-p3, may be 
further admixed with a solution of calcitonin in e.g. citric acid buffer. The TGF-p, e.g. TGF- 
p3, solution and/or calcitonin solution and/or TGF-p, e.g. TGF~P3/caicitonin* mixture may be 
used as such or in form of a lyophilisate. 

The pharmaceutical composition containing calcitonin may contain further pharmaceutical^ 
acceptable excipients as conventional, e.g. 

a) sugars or sugar alcohols, e.g. mannitol, sucrose, fructose, or trehalose; 

b) salts, e.g. sodium chloride, calcium chloride, or magnesium chloride; 

c) buffers, e.g. citrate, maleate, or phosphate: 

d) cellulose derivatives, e.g. methyl cellulose; 

e) antioxidants, e.g. ascorbic acid; 

f) preservatives, e.g. benzalkonium chloride, or benzenthonium chloride. 



WO 00/54797 



-8- 



PCT/EP00/02303 



The amount of additives used may vary dependent on the intended use. For example for 
obtaining more viscous calcitonin gels methyl cellulose in an amount of e.g. 0.5% by weight 
based on the total weight of the composition and sugars or sugar alcohols, usually in an 
amount of about 0.5% to 1% by weight based on the total weight of the composition may be 
used. 

In another aspect the present invention provides a process for the production of a 
pharmaceutical composition comprising TGF-p, e.g. TGF-p3, and a biodegradable carrier 
wherein the biodegradable carrier is calcitonin, e.g. fibrillated calcitonin, which process 
comprises admixing a solution of TGF-J3, e.g. TGF-p3, with a solution of calcitonin, e.g. 
fibrillated calcitonin. 

TGF-p formulations of the invention may also be incorporated into an additional carrier or a 
support, e.g. a mechanical support. As support any bone substitute material such as 
ceramics materials in the form of granules or blocks, e.g. hydroxy apatite, tricalcium 
phosphate, coral derived materials or polymers, e.g. polylactide (PLA), e.g. a PLA sponge 
or e.g. collagen sponges, human bone derived orthopedic implants, metallic implants etc. 
may be used. 

Suitable support materials may include tricalcium phosphate granules e.g. ChronOS® or 
Ceros® TCP produced by Mathys Ltd., Switzerland; Norian injectable cements marketed by 
Norian/ Synthes, USA; porous bone graft substitute e.g. ProOsteon Implant 500® marketed 
by Interpore Int., USA; micro glass granules e.g. BiGran® marketed by Orthovita, USA; 
calcium phosphate e.g. Alpha BSM®, marketed by ETEX Corp., USA; calcium phosphate- 
based bone cement e.g. BoneSource®, marketed by Orthofix Inc., USA; gel, putty and flex 
forms e.g. Grafton DMB®, marketed by Osteotech Inc., USA; artificial formable bone matrix 
marketed by Bioapatite AB, Sweden; collagraft bone graft matrix, purified cow collagen and 
hydroxyapatite-tricalcium phosphate marketed by Zimmer Inc., USA; bovine skin collagen 
fibers coated with hydroxyapatite e.g. Healos® marketed by Orquest Inc., USA; collagen 
sponges e.g. Hemostagene® marketed by Coletica SA, France, or e.g. Helisat® marketed by 
Integra Life Sciences Inc., USA; bioresorbable polymer and bone cement e.g. OrthoDyn 
marketed by DynaGen Inc., USA; biodegradable POB/PBT copolymers marketed by IsoTis 
B.V., Netherlands; biodegradable polymers e.g. Protease® and Medisorb® marketed by 
Alkermes, USA. 
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A suitable polylactide sponge for use in the pharmaceutical compositions of this invention 
may contain a ratio of the optically active L-form to the optically inactive DL-form of 80 to 
20 %, a pore size of 400 to 800 micrometers, a void of 70 to 80 % and a molecular weight 
of 200,000 Dalton. It is non-toxic, well-tolerated by the organism and does not induce 
adverse reactions or is immunogenic. It is hydrolytically degraded into lactic acid which can 
be further metabolized. 

A pharmaceutical composition comprising TGF-p, e.g. TGF-p3, fibrillated calcitonin and a 
support, e.g. a mechanical support, e.g. a biodegradable ceramic or polymer, is particularly 
useful for the treatment of larger bone defects where a mechanical strength of the 
composition is desired, e.g. if the composition has to span a relatively large distance 
between fractured bone. 

The TGF-p, e.g. a TGF-p3/ fibrillated calcitonin mixture may be added to the support, e.g. a 
PLA sponge, which may be sterilized with e.g. ethylene oxide and presoaked with e.g. 
either 25 pi ethanol 100% or with 25 pi buffered ethanol 20 % (Fluka) prior to the loading 
with TGF-p, e.g. TGF-P3/ fibrillated calcitonin mixture. Preferably, ethanol 100 % is used. 
The loading solution may be put on the support, e.g. PLA sponge, when the support, e.g. 
PLA sponge, is still moist. After the loading the support, e.g. PLA sponge, may be dried with 
e.g. either N 2 -gas for 1 minute at 25°C, or N 2 -gas for 10 minutes at 25°C, or vacuum 
desiccator for 24 hours at 25°C, or vacuum oven for 24 hours at 30°C. Preferably N 2 -gas for 
10 minutes at 25°C is used. Preferably, N 2 -gas may be filtered through a 0.2 pm filter prior 
to use. Removing the loading solvent from the support, e.g. PLA sponge, causes TGF-p, 
e.g. TGF-P3, to get absorbed on the support, e.g. PLA sponge. 

In a further aspect the present invention provides a process for the production of a 
pharmaceutical composition according to the present invention which process comprises 
incorporating a solution of TGF-p, e.g. TGF-p3, e.g. TGF-p3/ calcitonin mixture, e.g. TGF-p, 
e.g. TGF-p3/ fibrillated calcitonin mixture into a support, e.g. a polylactide (PLA) sponge. 

The compositions of this invention are useful in the known indications of the particular 
active agent incorporated therein for the treatment of animals, particularly of mammals, and 
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more particularly of human beings. These compositions are more particularly useful in the 
promotion and acceleration of wound healing, bone and tissue repair, e.g. spinal fusion or 
tendon repair, stroke, nerve repair, oral mucositis, the treatment of cancer, as a bone 
marrow protective agent, mediator of cardioprotectin, anti inflammatory or immunosuppres- 
sive agent, in transplantation, in the induction of angiogenesis, in heart surgery or infarcted 
heart, or as a growth regulator in mammalian cell cultures. In particular, the pharmaceutical 
composition of this invention are useful for, oral mucositis, the treatment of bone defects, 
for mediation of wound healing or induction of angiogenesis. 

Calcitonin is a potent drug for the treatment of e.g. Paget's disease, some aspects of 
hypercalcaemia. and for postmenopausal osteoporosis. Calcitonins of different origins, 
mainly salmon, pig, eel and human are currently used therapeutically. Recently it was found 
that calcitonin fibrils per se are biologically active and may be used in treating calcium 
deficiency diseases. Accordingly, the physiological effect of fibrillated calcitonin may prove 
the pharmaceutical compositions of this invention to be even more advantageous when 
used in certain diseases, e.g. bone repair. 

The exact amounts of the active agent and of the formulation to be administered depend on a 
number of factors, e.g. the type, severity and/or location of the defect and also on the age 
and general condition of the patient to be treated, the desired duration of treatment and the 
rate of release of active agent. The concentration of TGF-p, e.g. TGF-p3, may be from 
0.1 ^ig/ml to about 100 mg/ml, preferably from 1 \ig/m\ to 50 mg /ml. About 1 ng to 10 mg of 
TGF-p, e.g. 0.1 mg to 5 mg, e.g. 1 mg of TGF-p3, has already a significant healing effect. 
Typically TGF-p, e.g. TGF-P3, is administered once in a single surgery. 

The in vitro performance of the pharmaceutical compositions of the present invention may 
be investigated by, e.g. fluorescence measurements, aggregation and chemical stability. 

The in vivo performance of the pharmaceutical compositions of the present invention may 
be tested on horses (wound healing), pigs (oral mucositis inhibition), rabbits e.g. with the 
rabbit cranial defect model (induction of repairing of bone defects), and femal mice 
(induction of angiogenesis). 
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Example 1 : 

Aggregation of TGF-p3 in different aqueous conditions is studied using 90°-lightscattering. 
Using the same wavelength for excitation and emission, e.g. excitation and emission 
wavelength is 560 nm, a Spectrofluorimeter is used to detect aggregation events by 
measuring the 90°-light scatter. In this method a small aliquot of TGF-p3 stock solution is 
added in the fluorescence cuvette. If aggregation takes place an increase in the 90°-light 
scatter intensity is observed. If the solution in which TGF-p is added does not induce 
aggregation no increase in the light scatter intensity is observed. 

A composition comprising 10 mM calcium chloride or 10 mM calcium phosphate, and 20 % 
isopropanoi or ethanol is prepared. No aggregation is observed with increasing TGF-P3 
concentration up to 60 pg/ml TGF-P3. 

Example 2: 

The chemical stability of lyophilized formulation in vials containing TGF-p3, 5.881 mg of 
CaCI 2 and 25 mg of mannitol have been tested. The vials are solubiiized to obtain TGF-p3 
solutions of 0.1 mg/ml and 0.25 mg/ml. TGF-p3 by-products (related substances) are 
determined by capillary zone electrophoresis. The results show that the CaCI 2 formulation is 
very stable chemically. There is no increase in the TGF-P3 by-products after 6 month 
incubation at 40°C. In comparison, in the absence of CaCI 2 the chemical degradation is 
substantial. 

Example 3 : 

The lyophilized powder in the vial contains TGF-p3, mannitol. CaCI 2 . It is solubiiized with a 
solvent containing citric acid, sodium hydroxide (up to pH 3.4) and water. After solubilization 
the gel is formed by adding a carrier which consisted of methylcellulose 4000cP, mannitol 
and water. The concentrations in the final gei solution are: 25 \igfm\ TGF-P3, 9.85 mg/ml 
mannitol. 1.470 mg/ml CaCi 2 .2H 2 0, 2.103 mg/ml citric acid monohydrate, 16.5 mg/ml 
methylcellulose 4000cP. The final pH of the gel is pH 3.5 +/-0.1 

Example 4 : 

The lyophilized powder in the vial contained: TGF-P3, mannitol and CaCI 2 . It is solubiiized 
with a solvent consisting of citric acid buffer, pH 3.8 (adjusted with sodium hydroxide). The 
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concentrations in the final spray solution are: 250 jig/ml TGF-p3 (for the spray the TGF-P3 
concentration is 10 times higher than for the gel since the volume applied from the spray is 
10 times smaller than the applied gel volume), 25 mg/ml mannitol, 5.881 mg/ml of 
CaCI 2 2H 2 0 and 8.41 mg/ml citric acid monohydrate. The final pH of the reconstituted spray 
solution is between pH 3.2 and pH 3.6. 

Example 5 : 

The TGF-p3/CaCI 2 gel and spray formulations of examples 3 and 4 respectively are applied 
on horses for these trials. 

The results are reported in the following table (median wound area in cm 2 ): 

Ca-gel Ca-spray 
1st day 363 554.0 

After 2 months 24 0 

The clinical evaluation of the scar formation of extremity wounds four months after surgery 
are (scoring of scar formation : 0 = minimal, 1 = medium, 2 = high): 

Ca-gel Ca-spray 

0.562 0.375 

Example 6 : 

A TGF-p3/CaCI 2 formulation is tested onto the buccal mucosa of pigs. The composition 
used is prepared from a lyophilized formulation containing TGF-P3, CaCI 2 and mannitol, 
which is solubilized with a glycine buffer. The solution applied contains 25 ^g/ml of TGF-P3, 
2.5 mg/ml of mannitol, 80 mM of CaCI 2 (0.588mg/ml CaCI 2 '2H 2 0), glycine buffer pH 3.0 (0.6 
mg/ml glycine, pH adjusted with HCi) and 6.4 mg/ml of methylcellulose 4000cP. 

Cell proliferation is measured by the BrdU (5-bromo-2'-deoxyuridine) assay. Punch biopsies 
of the buccal mucosa are processed, sectioned and stained with a monoclonal antibody 
against BrdU in order to identify DNA synthesis in individual cells. 

The results show that TGF-p3/CaCI 2 formulation applied on in vivo pig model induces a 
strong reduction in the basal cell proliferation rate. 
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Examole 7 : 
Table 1: 

Effect of a pharmaceutical composition comprising TGF-P3 (50 pg/sponge, corresponding 
to 0.3 pig/mm 3 ), fibrillated human calcitonin (hCT) (50 pi human calcitonin gel, 
corresponding to a concentration of 30 mg/ml, corresponding to 1.5 mg/sponge) and a 
polylactide (PLA) sponge (disk of a diameter of 8.3 mm) in the rabbit cranial defect model. 

effect (expressed as pixels x 1 0 4 per burr hole) 
Control (PLA sponge alone) 2.5 
PLA sponge + hCT gel 2.0 
PLA sponge + hCT gel +TGF-p3 1 0.5 

Table 1 shows the effect of an empty PLA sponge, compared to a PLA sponge with hCT 
fibrils, compared to a PLA sponge with hCT fibrils and TGF-p3 in the rabbit cranial defect 
model. Bone disks removed for creation of the defect served as controls for the extent of 
bone regeneration. After an eight week healing period the bony filling of the defects was 
determined by quantitative radiography. The total defect area corresponded to 113320.2 
pixels and was taken as 100 % for further calculations. Accordingly, complete regeneration 
corresponded to a value of 1 1 .3 x 1 0 4 pixels. 

The results show that treatment with TGF-p3 induces strong bone formation. Insignificant 
repair occurs in the animal group without TGF-p3. 

The pharmaceutical compositions of this invention comprising fibrillated calcitonin induce a 
rapid bone wound healing. Moreover, diffusion and/or systemic effect of TGF-p, e.g. TGF- 
p3 are prevented. 

Example 8 : 

Table 2 shows the effect hCT fibrils, compared to hCT fibrils plus TGF-P3 in the 
subcutaneous mouse model. 



Table 2: 
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Effect of a pharmaceutical composition comprising TGF-p3 (2.5 pg/ml) and fibrillated 
calcitonin (50 mg/ml) in the mouse subcutaneous model. 



Control (no treatment) 
human calcitonin gel 
human calcitonin gel + TGF-P3 

The results show that treatment with TGF-p3 induces strong vascularization in the animal 
group treated with TGF-P3. 



vascularized area (expressed as mm 2 after 17 days) 
13.9 
13.9 
31.1 



The pharmaceutical compositions of this invention comprising fibrillated calcitonin induce a 
rapid bone wound healing or vascularization. Moreover, diffusion and/or systemic effect of 
TGF-p, e.g. TGF-p3 are prevented. 
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Claims: 

1. A pharmaceutical dry powder composition comprising a TGF-p in a water-soluble salt 
chosen from calcium chloride, calcium phosphate, sodium acetate, potassium acetate, 
lithium acetate, ammonium acetate and ammonium bicarbonate. 

2. A method of administering the pharmaceutical composition according to claim 1 
wherein the composition is applied in liquid form. 

3. A pharmaceutical composition comprising TGF-p and a biodegradable carrier wherein 
the biodegradable carrier is a fibrillated calcitonin. 

4. A pharmaceutical composition according to claim 3 adapted so that the calcitonin 
fibrils are formed in vivo at the application site. 

5. A pharmaceutical composition according to any preceding claim wherein the 
composition is further incorporated into a support. 

6. A pharmaceutical composition according to claim 5 wherein the support is a ceramic, 
a polymer, human bone derived orthopedic implants, or metallic implants. 

7. A pharmaceutical composition according to claim 6 wherein the polymer is a poly- 
lactide sponge. 

8. Use of a pharmaceutical composition according to any preceding claim for the 
production of a delivery system for the use in the promotion and acceleration of 
wound healing, in the repair of bone, tissue, stroke, or nerves, in the treatment of 
cancer, as a bone marrow protective agent, as a mediator of cardioprotection, as an 
anti inflammatory or immunosuppressive agent, or as a growth regulator in mamma- 
lian cell cultures or in the induction of angiogenesis. 

9. A process for the preparation of a pharmaceutical composition according to claim 1 
which process comprises admixing a TGF-p with a salt selected from the group 
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comprising calcium chloride, calcium phosphate, sodium acetate, potassium acetate, 
lithium acetate, ammonium acetate and ammonium bicarbonate. 

10. A process for the preparation of a pharmaceutical composition according to claim 3 
which process comprises admixing a solution of TGF-p with a solution of calcitonin. 

11. A process for the preparation of a pharmaceutical composition according to claim 9 or 
10 or which process comprises further incorporating the composition into a support. 

12. Use of a fibrillated calcitonin as a carrier in pharmaceutical compositions. 

13. Pharmaceutical compositions comprising a fibrillated calcitonin as a carrier. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




(43) International Publication Date (10) international Publication Number 

21 September 2000 (21.09.2000) PCT WO 00/54797 A3 



(51) International Patent Classification 7 : A61K 38/18, 

47/02, 47/42 

(21) International Application Number: PCT/EP00/02303 

(22) International Filing Date: 17 March 2000 (17.03.2000) 



(25) Filing Language: 



(26) Publication Language: 



English 



English 



(30) Priority Data: 
9906060.0 
9908468.3 



17 March 1999 (17.03.1999) GB 
14 April 1999 (14.04.1999) GB 



(71) Applicant (for all designated States except AT, US): NO- 
VART1S AG [CH/CH]; Schwarzwaldallee 215, CH^H)58 
Basel (CH). 

(71) Applicant (for AT only): NOVARTIS-ERFINDUNGEN 
VERWALTUNGSGESELLSCHAFT M.B.H. [AT/AT]; 
Brunner Strasse 59, A-1230 Vienna (AT). 



(74) Agent: BECKER, Konrad; Novartis AG, Corporate 
Intellectual Property, Patent & Trademark Department, 
CH^002 Basel (CH). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, CA, CH. CN, CR, CU, CZ, DE, 
DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, 
TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 



(72) Inventors; and 

(75) Inventors/Applicants (for US only): ARVINTE, Tu- 
dor [RO/CH]; Tiefweg 50, CH^125 Riehen (CH). 
SCHOTE, Uwe, Thomas [DE/CH]; Jupiterstrasse 12, 
CH^123 Allschwil (CH). SIGG, Juergen [DE/DE]; 
Karl-Arzet-Weg 25, D-79540 Loerrach (DE). 



(88) Date of publication of the international search report: 

4 January 2001 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



3 

r- 



(54) Title: PHARMACEUTICAL COMPOSITIONS COMPRISING TGF-BETA 

(57) Abstract: This invention provides in one aspect a pharmaceutical composition comprising TGF-beta and a water-soluble salt 
chosen from calcium chloride, calcium phosphate, sodium acetate, potassium acetate, lithium acetate, ammonium acetate and am- 
monium bicarbonate. In another aspect the present invention also provides a pharmaceutical composition comprising TGF-beta and 
a biodegradable carrier, wherein the biodegradable carrier is a fibril lated calcitonin. 



ID 



o 



INTERNATIONAL SEARCH REPORT _______ 

Intemation plication No 



PCT/EP 00/02303 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 A61K38/18 A61K47/02 


A61K47/42 




According to Internationa) Patent Classification (IPC) or to both na 


tonal ciassifk 


ation and IPC 




B. RELDS SEARCHED 


Minimum documentation searched (classification system followed 

IPC 7 A61K 


by das&ifiaat 


on symbols) 




Documentation searched other than minimum documentation to th 


e extent that such documents are included in the fields si 


larohed 


Electronic di 


sta base consulted during the international search (na 


me of data ba 


se and, where practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category" 


Citation of document, with indication, where eppropr 


iate, of the relevant passages 


Relevant to claim No. 


X 


US 4 455 256 A (URIST MARSHALL R) 
19 June 1984 (1984-06-19) 
column 5 -column 6; examples 1,2 
claims 1,2,5,7,8,14 


1,2,8,9 


X 


W0 94 15653 A (GENENTECH INC) 
21 July 1994 (1994-07-21) 
page 27 -page 28; example 5 
page 33; example 7 
claims 1-4,9,10 




1,5,6,8, 
9,11 


X 


EP 0 325 471 A (COLLAGEN CORP) 
26 July 1989 (1989-07-26) 
page 6, line 22 - line 60 




1,2,8,9 








-/-- 




[ X| F urth" document! ere listed in the continuation of box C. 




[)( [ Patent family members are listed b 


i annex. 


• Special categories of cited documents : 

"A" document defining the general state of the art which Is not 

considered to be of particular re levanoe 
•E* sar^ckxnjrmmbirtpcfalah^tOTcraft«rths international 

fling date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O* document referring to an oral disclosure, use, exhibition or 
other means 

•P* document pubfshed prior to the international filing date but 
later than the priority date claimed 




T later document published after the international filing date 
or priority date and not in oonfliot with the application but 
ctted to undent tend the principle or theory underlying the 
invention 

*X" document of particular relevance; the cleaned invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document n taken atone 

"Y* dooumant of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is oombined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 


Data of the actual oompietion of the international search 

10 August 2000 


Date of mailing of the international search report 

2 4 10. 2000 


Name and r 


nailing address of the ISA 

European Patent Office, P.B. 5818 Patenttaan 2 
NL-2280HVR#swijk 
Tei (+31-70) 340-2040, Tx. 31 651 epo nL 
Fax (+31.70) 340-3016 




Authorized officer 

Muller, S 



Form PCT/ISAV210 (ssoom tnsst) (A* 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Intefnatlon plication No 



PCT/EP 00/02303 



OlConUiuMtion) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category * 


Citation of document, with indication, where appropriate, of the relevant postages 


Relevant to claim No. 


A 


DATABASE WPI 
Week 9230 

Derwent Publications Ltd., London, GB; 

AN 060919 
XP002144391 

"Auxiliary material fix artificial joint 
or filling bone deffects-comprises 
biodegradable or bio-absorbable material 
and leaves structure to allow formation in 
fresh bones" 

& JP 04 005965 A ((TERU) TERUM0 CORP), 
9 January 1992 (1992-01-09) 
abstract 


1,5-9,11 


A 


US 5 192 743 A (HSU CHUNG C ET AL) 

9 March 1993 (1993-03-09) 

column 1, line 7-10 

column 18, line 40 -column 19, line 7; 

example 3 


1-13 



Form PCT71SA/210 (oortraubon of —oar* (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 





Intern at.-.. al application No. 

PCT/EP 00/02303 




Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 




This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. I Claims Nos.: . . 

— because they relate to subject matter not required to be searched by this Authonty, namely: 

2 1 Claims Nos. : 

1 — 1 because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an QYtont that no maaninflful International Search can be carried out, specifically: 

an o Aloft I II ldi iiw iiitJcu liny iui musi • ioiiwi iai wi « w«u ■ w» wwi • w ~ j 

3 ^ beoause they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 


Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 


Thi3 International Searching Authority found multiple inventions in this international application, as follows: 

1 . I I As all required additional search fees were timely paid by the applicant, this International Search Report covers aO 
«— » searchable claims. 

2. As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 

3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
1 — 1 covers only those claims for which fees were paid, specifically claims Nos.: 

4. [31 No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
L * - ^ restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1,2,9 (complete); 5-8, 11 (partially) 

Remark on Protest The additional search fees were accompanied by the applicant's protest. 

|~| No protest accompanied the payment of additional search fees. 



Form PCT/1SA/21 0 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/ EP 00/02303 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 2 lO 

This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: entirely 1,2,9 and partially 5-8,11 

A pharmaceutical composition comprising TGF-beta in a water- 
soluble salt chosen from calcium chloride, calcium phosphate, 
sodium acetate, potassium acetate, lithium acetate, ammonium 
acetate and ammonium bicarbonate. 

2. Claims: entirely 3,4,10,12,13 and partially 5-8,11 

A pharmaceutical composition comprising TGF-beta and a 
biodegradable carrier wherein the biodegradable carrier is a 
fibrillated calcitonin. 



INTERNATIONAL SEARCH REPORT 



ipl ication No 

PCT/EP 00/02303 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 4455256 


A 


in fl£ i QQ.A 


us 


4789732 A 


06-12-1988 






us 


4619989 A 


28-10-1986 








us 


4761471 


A 


02-08-1988 


WO 9415653 


A 




AT 


IC'SC'JC 


T 
1 


15-06-1997 

XmJ UU 1.J J I 






AU 


671721 


B 


05-09-lQQfi 

OJ"U3 177U 








AU 

nu 


6026294 


A 


15-08-1994 








CA 


2151486 


A 










DE 


69403439 


D 


03-07-1997 








DE 


69403439 


T 


23-10-1997 








DK 


679097 


T 


22-12-1997 








EP 


0679097 


A 


07-11 

Wt 11 177J 








ES 


2105641 


T 


16-10-1997 








GR 


3024277 


T 


31-10-1997 








JP 


8505548 


T 


18-06-1996 








US 


5422340 


A 


06-06-1995 


EP 0325471 


A 


26-07-1989 


AU 
JP 


2844889 A 
1287039 A 


27-07-1989 
17-11-1989 



JP 4005965 A 09-01-1992 NONE 
US 5192743 A 09-03-1993 NONE 



Fan* PCT/ISA/210 (potent tana* "Ml 



